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Abstruct- This paper describes a prototype 
readout integrated circuit (ROIC) intended for 
microbolometer infrared focal plane array. The ROlC 
is based on a novel on-chip bias heating cancellation 
technique. The test results have shown the 
effectiveness of the bias heating cancellation. The fixed 
pattern noise is also reduced by an 8-bit on-chip 
correction circuit. 
I. INTRODUCTION 
Microbolometers are increasingly used in fabrication 
of uncooled infrared focal plane arrays because of their 
advantages of being small in size, low cost and compatible 
with CMOS process. In order to made large FPAs with 
high sensitivity, monolithically integrated sensor array 
with readout electronics is required [I]. One of the major 
concerns of designing a ROIC for microbolometer is the 
large noise generated by bias heating during the readout. 
Studies have shown that the noise due to the bias-heating 
can he many times higher than the incident infrared 
signal[2]. Thus, the bias-heating noise amounts to a 
relatively large fixed pattern noise (FPN) resulting from 
the non-uniformity of the FPAs. In this paper, a 
prototype ROIC with a simple and yet effective on-chip 
hias-heating cancellation and FPN correction is presented. 
11. READOUT CIRCUIT 
During the readout, the microbolometer is not only 
heated by the incident IR, but also by the current flowing 
through it, which generates the hias-heating noise. The 
bias-heating effect severely degrades the dynamic range of 
the preamplifier and integrator. The thermal behaviour of 
the microbolometer is very similar to the process of 
charging and discharging a capacitor. Based on the 
equivalence between the electrical and thermal 
capacitance, a replica of self-heating effect can be 
generated on an electrical capacitor and subsequently used 
to cancel the bias-heating effect from the 
microbolometer[3] [4]. 
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The schematic of the bias-beating cancellation circuit is 
shown in Fig.1. Rd represents the microbolometer with 
the room temperature resistance &o. The ratio of R2R3 
is selected to be the same as &&I. The transistor MO is 
inserted to balance the ON resistance of MI. Clock 41 and 
r$> are non-overlapping. When clock @ I  is high and $2 
low, the capacitor CO is pre-charged to a voltage equal to 
Ve. The inputs of the amplifier are short together by 
switch M5 and V,, is zero. When clock @2 becomes high 
and 4, low, the microbolometer R.j is biased. At the 
beginning of the active period of &, VA is equal to Ve, 
assuming that the Wheatstone bridge is balanced. Due to 
the hias-heating, VA will linearly decrease with time since 
the resistance of & increases with temperature. At the 
same time, the capacitor will be discharged through Io, 
generating a ramp voltage on CO With properly chosen 
values for CO and IO, the gradients of V, and VA can be 
made the same, which effectively cancels the bias-heating 





Fig. 1, Bias heating cancellation circuit 
It can be shown that, to cancel the hias-heating effect, 
the Io/Co should satisfy the following equation[3] 
- Io - &;OR, vd: (1) 
CO H(R,  +RI, + R d O Y  
where a is the temperature coefficient of the bolometer 
resistance, H is the thermal capacitance, RSW is the ON 
resistance of switch M1 and Vdd is the bias voltage 
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supplied to the Wheatstone bridge formed by &, RI, RZ 
and Ri. 
Fig.2. shows a simplified schematic of the prototype 
ROIC, in which the fixed pattern noise correction is 
included. With removal of the hias-heating effect, leaves 
only the fixed pattern noise at the input of preamplifier 
when there is no incident infrared signal. The FPN from 
each pixel is sensed, integrated and digitized through a 8- 
bit on-chip A D  converter. This information is stored in an 
off-chip memory. During the normal operation when 
there is an infiared signal, an 8-bit on-chip D/A converter 
reads the FPN data from the memory and sends it to the 
input of the pre-amplifier, where the FPN is subtracted 
from the output of each pixel. Thus, the output of the 
preamplifier only contains the infrared signal with a small 
residue of the FPN. The output of pre-amplifier is 
integrated, digitized and sent to another off-chip memory 
for further image processing. 
Analog oupm 1 
Memory 
F i g 2  Simplified schematic of ROIC 
111. TEST RESULTS 
The prototype ROIC chip is fabricated in a 0.6-pm 
CMOS process, and tested with a microholometer FPA 
packaged separately. Fig.3 shows the results for hias- 
heating cancellation without the FPN cancellation. In 
Fig.3(a), VC is the replica of bias-heating generated across 
the capacitor, which resembles V,, in its gradient. Fig.3@) 
shows the output of the preamplifier. A good cancellation 
of bias-heating effect can be achieved when the ratio WCO 
is adjusted to a proper value (case 11). The voltage step at 
the beginning of the bias period is due to the FPN of the 
pixel. 
The full range of the FPN that can be handled with this 
circuit is designed to he i l30mV before the preamplifier. 
With the 8-bit on-chip FPN correction, the residual offset 
noise, after digitization, is less than ALSB as shown in 
Fig.4. when measured on a 32-pixel dummy may.  
Fig.3. (a) Waveforms of VA and Vc as in Fig.]; (h) Output of 
pre-amplifier, with no hias-heating cancellation (I), a proper 
cancellation (11) and over cancellation (111) 
No. of pixel 
Figd. Digitized output after FPN correction (with no IR 
input). 
VI. CONCLUSION 
A prototype of ROIC for microbolometer IR FPA has 
been described. A new bias-heating cancellation circuit is 
employed in the ROIC. The desired bias-heating 
cancellation can he achieved by setting the correct I& 
ratio. Furthermore, the FPN is corrected to an &hit 
accuracy through an on-chip correction circuit. 
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